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Abstract 
Background: The agricultural sector remains the main source of livelihoods for rural communities in Ethiopia, but 
faces the challenge of changing climate. This study investigated how smallholder farmers perceive climate change, 
what adaptation strategies they practice, and factors that influence their adaptation decisions. Both primary and sec-
ondary data were used for the study, and a multinomial logit model was employed to identify the factors that shape 
smallholder farmers’ adaptation strategies.
Results: The results show that 90% of farmers have already perceived climate variability, and 85% made attempts to 
adapt using practices like crop diversification, planting date adjustment, soil and water conservation and manage-
ment, increasing the intensity of input use, integrating crop with livestock, and tree planting. The econometric model 
indicated that education, family size, gender, age, livestock ownership, farming experience, frequency of contact with 
extension agents, farm size, access to market, access to climate information and income were the key factors deter-
mining farmers’ choice of adaptation practice.
Conclusion: In the Central Rift Valley of Ethiopia, climate change is a pressing problem, which is beyond the capacity 
of smallholders to respond to autonomously. Farmers’ capacity to choose effective adaptation options is influenced 
by household demography, as well as positively by farm size, income, access to markets, access to climate information 
and extension, and livestock production. This implies the need to support the indigenous adaptation strategies of the 
smallholder farmers with a wide range of institutional, policy, and technology support; some of it targeted on smaller, 
poorer or female-headed households. Moreover, creating opportunities for non-farm income sources is important 
as this helps farmers to engage in those activities that are less sensitive to climate change. Furthermore, providing 
climate change information, extension services, and creating access to markets are crucial.
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Background
Scientific evidence indicates that the earth’s climate is 
rapidly changing, owing to increases in greenhouse gas 
emissions [1, 2]. The increased concentration of green-
house gases has raised the average temperature and 
altered the amount and distribution of rainfall glob-
ally [3, 4]. For example, in Sub-Saharan Africa, warming 
is expected to be greater than the global average and in 
parts of the region, rainfall will decline [5]. There is grow-
ing evidence that extreme events, such as droughts and 
floods, have been common incidences [3]. These have 
affected smallholder farmers in developing countries who 
heavily depend on rainfed agriculture for their livelihoods 
[2, 6, 7]. In Africa, climate change has affected both the 
natural and social systems [7, 8]. Impacts of climate 
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change are felt more severely in semi-arid and arid areas 
[7, 9, 10]. Limiting the damage due to climate change 
has become a challenge for the global community now. 
In this regard, climate change mitigation and adapta-
tion are crucial [11]. Adaptation can manage the impacts 
but cannot by itself solve the problem of climate change. 
Even with adaptation, there will be residual costs. Small-
holder farmers, for instance, can switch to more adapted 
crop varieties, but they may have lower productivity [12]. 
In developing countries, adaptation of the agricultural 
sector to the changing climate is important for ensuring 
livelihoods of the poor communities [5]. Adaptation will 
require the involvement of multiple stakeholders, includ-
ing policymakers, extension agents, NGOs, researchers, 
communities, and farmers. Climate change adaptation 
is mostly location-specific, and its effectiveness depends 
on local institutions and socioeconomic setting [13]. A 
better understanding of how smallholder farmers per-
ceive climate change and the adaptation strategies they 
practice is needed to make policies and design programs 
aimed at promoting successful adaptation in the agri-
cultural sector. A combination of factors influences the 
farmers’ perception about climate variability and the 
decision to use the selected adaptation strategies [14, 15].
Farmers in developing nations are developing resilience 
to climate change-related risks like droughts and floods 
through practicing diverse adaptation strategies. In the 
West African Sahel, for instance, pastoralists have come 
up with strategies to cope with the erratic rainfall [5]. In 
Ethiopia, diverse practices are used in both the highlands 
and lowlands [16, 17]. The agricultural sector in Ethiopia 
accounts for about 42% of national GDP, 90% of exports 
and 85% of employment [14], and is mainly rainfed. The 
history of drought in Ethiopia dates back to 250 BC, since 
then droughts have occurred in different parts of the 
country at different times [18]. At present, the potential 
adverse effects of climate change on Ethiopia’s agricul-
tural sector are major concerns. In the Central Rift Val-
ley of Ethiopia, climate change and variability is manifest 
through frequent droughts and floods, erratic rainfall 
and fluctuating mean temperature [19]. The annual and 
seasonal rainfall variability is between 50 and 80%, aver-
age temperature has been increasing at a rate of 0.37 °C 
every ten years, and the maximum daily temperature has 
increased by a cumulative 1.5 °C since 1900 [20]. Small-
holder farmers are highly dependent on rainfed agri-
culture which is very sensitive to climate variability and 
change. Changes in the distribution and amount of rain-
fall which have resulted in low precipitation and frequent 
drought have been affecting agriculture [21].
This study aimed at (a) examining how the local com-
munity perceived the impacts of climate change, (b) 
identifying what adaptation practices they use, and (c) 
investigating the factors that determine their choice of 
adaptation strategies in the central rift valley of Ethiopia. 
The study area has climate-related risks such as water 
stress and increased incidences of pest and diseases [22].
Methods
Description of the study area
The study was done in Arsi Negelle district of West Arsi 
Zone, Oromia Regional State of Ethiopia (Fig.  1). The 
district is located at 250  km south of the national capi-
tal, Addis Ababa. Geographically, it is located between 
7°17′N and 7°66′N, and between 38°43′E and 38°81′E. The 
temperature ranges between 10 and 25 °C, while annual 
rainfall varies between 500 and 1200  mm. The area has 
four distinct seasons including the dry season (Decem-
ber to February), the short rainy season (March to May), 
the main rainy season (June to August), and the autumn 
season (September to November) [23]. Topographically, 
the district is slightly undulating especially in the high-
lands and almost flat in the lowlands. Some parts of the 
highlands in the district are still covered by natural for-
est, bush and shrub. There are three large inland Lakes—
Abijata, Shalla and Langano—in the district. The district 
has relatively fair agricultural potential, which is reflected 
in the diversity of crop and livestock production for food 
and income generation [24]. In comparison with other 
districts of the West Arsi Zone, Arsi Negele district has 
more severe extreme events such as recurrent drought. 
This study was conducted in three agro-ecological zones 
in the district that range between 1500 and 2800 m.a.s.l. 
The high altitude agro-ecological zone occupies the larg-
est area followed by mid and low altitude agro-ecological 
zones, respectively.
Sampling design and sample size
This study employed a multi-staged sampling technique, 
where a combination of sampling techniques was used to 
select the Kebeles (the lowest level administrative units 
under the Federal Democratic Government of Ethio-
pia) and households. In the first stage, Arsi Negelle dis-
trict was selected purposely from the districts of West 
Arsi Zone, because it is one of the most severely affected 
districts by extreme climate change-related risks and is 
characterized by three distinct agro-ecological zones, 
highland, midland and lowland [22].
In the second stage, three Kebeles (one from each agro-
ecological zone) were selected randomly (Table  1) with 
the assumption that smallholder farmers within each 
agro-ecological system may have differences in their tra-
ditional knowledge and skills, and that this may result 
in different adaptive capacities in the communities. As 
climate change may have different impacts in differ-
ent agro-ecological zone, the farmers in the respective 
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agro-ecologies may practice different adaptation strate-
gies [25, 26]. These strategies are also shaped by biophysi-
cal, socioeconomic, and socio-cultural context of the 
areas. In the third stage, a sample of households in each 
target Kebele were identified and the sample size was 
determined proportionately [2].
Data sources and data collection methods
This study employed both qualitative and quantitative 
data collection methods as recommended by Neuman 
[27]. The qualitative data at community level were col-
lected through focus group discussions, key informant 
interviews, and observations. The focus group discus-
sions for this study were held with separate groups of 
elders, youth and women in each Kebele comprising 6–10 
individuals per group. The sessions were moderated by 
the researcher using a checklist including climate change 
parameters in the area, the resultant impact, farmers’ 
response, and what factors influenced farmers’ adapta-
tion decisions. Similarly, key informant interviews were 
held with knowledgeable people from the community, 
including the agricultural staff, administrators from gov-
ernment offices, and NGOs. These were individuals who 
have access to information on weather forecasts, climate 
change impact, and constraints to adapting to climate 
change. In addition, data at the household level were col-
lected through a household survey using structured ques-
tionnaires. Those were initially pretested to check their 
validity and appropriateness. For pretesting the question-
naire, nine households from non-sampled Kebeles were 
identified and interviewed prior to the actual interview of 
the target sample households. This allowed the restruc-
turing of questions before intensive data collection. Based 
on the limitations identified in the pretest, the question-
naires were then amended and enriched for the actual 
interview. The sampling size for the households’ survey 
was determined using the rule N ≥ 50 + 8m [28] in order 
to assure that the econometric model could be estimated 
with sufficient degrees of freedom, where N  =  sample 
size, and m =  number of explanatory variables. Conse-
quently, a total of 200 sample households were selected 
and interviewed: 70 from Merarow Hawilo (high altitude 
Kebele), 53 from Kersa Elala (mid-altitude Kebele), and 
77 Mudi Arjo (low altitude Kebele). The local language, 
Afan Oromo, was used for effective communication for 
the household survey, focus group discussions and key 
informant interviews. Research assistants fluent in Afan 
Oromo and with good knowledge of local traditions were 
recruited and trained before conducting the survey.
Descriptive data analysis
In this study, demographic and socioeconomic data were 
summarized and presented using descriptive statistics 
such as frequency, percentage, graphs, figures, and tables. 
Also t test and Chi-square tests were used in order to 
compare the difference among groups for different socio-
economic and demographic variables. This test is mainly 
employed to know whether the difference is statistically 
significant or not. For this analysis, both Microsoft Excel 
and STATA version 13 were used.
Econometric data analysis
In this study, the determinants of farmers’ adaptation 
decisions to climate change were analyzed using a mul-
tinomial logit (MNL) [29]. In this study, the method was 
used to analyze the choices the farmers make regarding 
crop- and livestock-based adaptation strategies and what 
factors determine those choices. The MNL model was 
used based on the previous literature on determinants 
of farmers’ adaptation to climate change [14, 30]. This 
model suits such type of analysis as it permits the analy-
sis of decisions across more than two categories, allow-
ing the determination of choice probabilities for different 
categories [31, 32]. However, the model requires that 
households are associated with only their most preferred 
option from a given set of adaptation strategies. Unbi-
ased and consistent parameter estimates using this model 
need to assume independence of irrelevant alternatives 
that requires that the probability of using a certain adap-
tation method by a given household is independent from 
the probability of choosing another adaptation method. 
We are aware that collecting and using only the most pre-
ferred adaptation option for each household risks under-
emphasizing the known importance to smallholder 
farmers of using multiple adaptation strategies [3], but 
the approach has allowed a high level of specification of 
Table 1 Distribution of sampled households by the Kebele/village
Kebele name  
(and agro-ecology)
Total number  
of households
Number of sampled  
household heads
Male household  
heads (%)
Female household 
heads (%)
Meraro Hawilo (Highland) 700 70 93 7
Kersa IIala (Midland) 530 53 83 17
Mudi Arjo (Lowland) 770 77 84 16
Total households 2000 200
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the relations between adaptation strategies and underly-
ing socioeconomic variables.
The model is specified as follows.
Let Y denote a random variable with values {1,2…J} 
for a positive integer J and X set of variables [33]. In 
this study, Y is a dependent variable and represents the 
adaptation alternatives (strategies) from the set of adap-
tation measures, whereas the X represents the factors 
that influence choice of the adaptation strategies which 
contains household attributes as described in Table  2, 
and P1, P2…Pj as associated probabilities, such that 
P1 + P2 + … + Pj = 1. This tells as how a certain change 
in X affects the response probabilities P(y = j/x), j = 1, 2 
…J. Since the probabilities must sum to unity, P(y = j/x) is 
determined once the probabilities for j = 2…J are known.
In the MNL model, it is usual to designate one as the 
reference category. The probability of membership in 
other categories is then compared to the probability of 
membership in the reference category. Consequently, 
for a dependent variable with j categories, this requires 
the calculation of j − 1 equations, one for each category 
relative to the reference category, to describe the rela-
tionship between the dependent variable and the inde-
pendent variables. The choice of the reference category 
is arbitrary but should be theoretically motivated. The 
estimation of MNL model for this study was conducted 
by normalizing one category which is named as “base 
category” or “reference estate.” The adaptation measures 
were grouped into eight because farmers used more than 
one strategy, and the base category was “No adaptation 
strategy.” The theoretical explanation of the model is that 
in all cases, the estimated coefficient should be compared 
with the base group or reference category [34]. Therefore, 
(1)P
(
y = 1/x
)
= 1−
(
P2+ P3+ · · ·Pj
)
the choice of the reference category is based on empirical 
literature and theoretically motivated. The generalized 
form of probabilities for an outcome variable with j cat-
egories is:
The parameter estimates of the MNL model only pro-
vide the direction of the effect of the independent vari-
ables on the dependent (response) variable; estimates 
represent neither the actual magnitude of change nor the 
probabilities. Differentiating Eq.  (2) with respect to the 
explanatory variable provides the marginal effect of the 
independent variables which give as
Marginal effect of marginal probabilities is the func-
tion of probabilities and measures the expected change in 
probabilities where particular adaptation choice is being 
made by a unit change of the independent variable from 
the mean [35].
The choice of independent variables was dictated by 
empirical literature, behavioral hypotheses suggested by 
it, and data availability. Hypotheses have been developed 
around explanatory variables concerning their expected 
influence on farm level adaptations [36, 37]. Table  2 
shows the description of and hypotheses around, or 
expected signs of, explanatory variables used in this study 
(Fig. 1). 
(2)
Pr
(
yi = j|x
)
= prij =
exp
(
x′βj
)
1+
∑j
j=2 exp
(
x′βj
) , j = 1, 2 . . . J
For j > 1
(3)
∂pi
∂xk
= pj

βjk −
j=1�
j=1
pjβjk


Table 2 Variable description and hypothesis for the impact of the independent variables on dependent variables
Explanatory variables Description Expected sign
Sex Dummy, 1 = male, 0 = female ±
Age Continuous (years) ±
Education Continuous (years) +
Household size Continuous (number) ±
Farming experience Continuous (years) ±
Farm size Continuous (hectare) +
Total annual income Continuous (ETB) +
Access to market Dummy, 1 = yes, 0 = no +
Access to climate information Dummy, 1 = yes, 0 = no +
Access to extension Dummy, 1 = yes, 0 = no +
Livestock ownership Continuous, Tropical livestock unit (TLU) +
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Results and discussion
Smallholder farmers’ perceptions of climate change
The result in Fig.  2 is based on the household sur-
vey regarding the perceptions and experience of cli-
mate change impacts by farmers in the different 
agro-ecological zones of the Arsi Negele district. In 
addition, the focus group discussions and key inform-
ant interviews show that up until 20 years ago, rainfall in 
the study area had a more regular pattern and was more 
predictable and also generally sufficient in all seasons for 
crop and livestock production. However, now the rainfall 
pattern has become unpredictable with a shorter dura-
tion for both short and long rainy seasons. The house-
hold survey results in Fig. 2 show that about 90% of the 
respondents perceived a long-term variability in weather 
and change in the climate in the study area over the last 
two decades, whereas the response from the remain-
ing 10% of the respondents indicate that they did not 
perceive any change in climate in the same period. The 
results hold true across the three Kebeles. With respect 
to temperature variability and change, the respond-
ents reported a change in temperature. The majority of 
the respondents (68.5%) perceived that the temperature 
had been increasing while 12.3% of the households per-
ceived the temperature had been decreasing. However, 
12.6% of the households had not observed any change, 
and 6.2% of respondents perceived that the temperature 
remained constant. Similarly, nearly 85% of households 
perceived that the rainfall amounts were declining. In 
Fig. 1 Map of the three study sites in Arsi Negele District, West Arsi Zone
Fig. 2 Smallholder farmers’ perceptions about current climate 
change and variability
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general, increase in temperature and decrease in precipi-
tation were found to be the predominant climate-related 
changes perceived by smallholder farmers in the study 
area. The key informant interviews and focus group dis-
cussions indicated that over the last two decades, either 
early or late on set of rainy seasons, unexpected rain-
fall, declining rainfall, and extreme day and night tem-
perature were common across the agro-ecological zones 
in the district. This result is in line with previous stud-
ies in Central Rift Valley that underlined frequency of 
drought and intensity of floods; where the annual and 
seasonal rainfall variability amounts to between 50 and 
80%, while temperature has been increasing by 0.37  °C 
every 10 years, and the maximum daily temperature has 
increased by 1.5 °C over the last century [38]. The rainfall 
and mean temperature changes significantly vary within 
the area [19].
In addition to their perception, farmers indicated 
diverse sources of information regarding climate vari-
ability and change. Survey respondents were asked the 
question “what is your most preferred source of cli-
mate change information?” Results in Table 3 show that 
the majority of the respondents (40%) became aware 
of climate change as well as its impacts through their 
own experience and understanding. The contribution 
of diverse means of formal communication is also sig-
nificant. Formal communication as a source of informa-
tion is mentioned by more than 50% of the respondents. 
In this regard, the role of research organizations, mass 
media, agricultural extension agents, and seminars is 
underscored. Informal communication among the farm-
ers themselves is also reported as an important source of 
information (Table 3).
Impact of climate change on smallholder farming
In the Central Rift Valley of Ethiopia, it is not only the 
presence of climate variability and change that is per-
ceived by smallholder farmers, but also its impacts. 
The farmers indicated that climate change had caused 
prolonged drought, and high incidence of pests and dis-
eases, that negatively affected livestock and crop produc-
tion. This is emphasized by results from key informant 
interviews, focus group discussions and the household 
survey. Direct observations made during the data col-
lection in 2015 show that the short rainy season (March, 
April and May), that is used for cultivation of some crops 
had elapsed without any cultivation activity. In some 
areas, attempts made by farmers to cultivate within the 
short rains were unsuccessful and farms with dried-up 
maize, sorghum and potato were seen everywhere due 
to the rains that began earlier than the expected time 
and ended immediately after sowing and first weeding 
of the young crop. Even in those farms that survived the 
extended drought, crops appeared physiologically less 
vigorous. As a result, the productivity of major crops 
had been declining progressively over the last two dec-
ades. Farmers mentioned that the erratic planting season 
forced them to discontinue crop planting. Even during 
the main rainy season (June, July, August and part of Sep-
tember), some farms were left uncultivated due to the late 
onset of the main rainy season, which started unusually 
late and recorded low rainfall amounts. As a result, both 
livestock and crop production activities were severely 
affected making it difficult for farmers to maintain food 
security. The majority of the households were therefore 
forced to depend on food aid programs from the govern-
ment, especially in the lowland and mid-altitude agro-
ecological zones. The farming situation in the highland 
agro-ecological zone was relatively more favorable than 
that of the mid-altitude and lowland area. The highland 
area of the district receives higher rainfall and farmers 
have relatively more fertile soils with a good potential for 
growing a variety of crops. However, 87.5% of households 
indicated that they were extremely worried about climate 
change and its impact and only 12.5% of the respondents 
were not concerned about climate change-related risks. 
Notably, 31.5% of the respondents clearly indicated that 
climate change and variability brought about reduction 
in crop yields (Fig.  3). Changes in the distribution and 
amount of rainfall have affected the agricultural system 
in the area such that it receives lower rainfall and faces 
more frequent drought [21].
Climate change adaptation strategies by smallholder 
farmers
Based on the focus group discussions and key inform-
ant feedback, the smallholder farmers in the Central 
Rift Valley of Ethiopia have been using different strate-
gies to respond to climate variability. Farm households 
were asked about their primary adaptation strategies 
in the face of climate change and variability. The results 
reported by smallholder farmers from the three 
Table 3 Primary sources of  information about  climate 
change and its impacts
Climate change information sources Percent
Own understanding 40
From researchers 10
From radio broadcasting 18
Development agent 15
Seminar/meeting 12
From other farmers 5
Total 100
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agro-ecological zones of the district are presented in 
Table 4.
The results in Table  4 show that the most important 
practice farmers used to reduce the impacts of climate 
change particularly in the lowland, was to change crop 
planting dates and crop varieties. In case of extreme 
drought, the farmers migrated to the highland areas for 
some time. Currently, storage of crop residues (maize 
straw) as an emergency feed in dry periods is a common 
practice. In addition, maintenance of grain reserves, crop 
diversification, and using early maturing crop varieties 
were some of the adaptation mechanisms. Similarly, in 
the highlands, smallholder farmers used various adapta-
tion strategies to climate change. Here, crops like barley, 
peas and beans were performing poorly and some farm-
ers had already reduced the portion of land allocated for 
such crops. In some cases, farmers had already stopped 
their production. On the other hand, majority of the 
farmers opted to grow other crops like teff and maize, 
which used to be typical midland agro-ecology crops. 
Nevertheless, the productivity of these new crops was 
reported to be low. In addition, cultivation of drought 
tolerant crops such as Enset (Ensete ventricosum) as 
a source of both food and livestock feed was becoming 
popular.
Other adaptation strategies include intensification of 
agricultural production by using more inputs especially 
fertilizer per unit area, fruit and fodder tree planting, soil 
and water conservation practices, and using crop resi-
dues as livestock feed. This is in line with previous studies 
by Melka et  al. [39], and Mukheibir and Ziervogel [40]. 
The results in Table  4 show that among the adaptation 
strategies practiced by smallholder farmers in the study 
area, crop diversification was practiced by more house-
holds, whereas only a few respondents practiced irriga-
tion. Even though there are lakes in some parts of the 
study area, they are inaccessible for irrigation because 
there was need for high capital investments in designing 
the irrigation infrastructure. Few farmers were practic-
ing irrigated farming from small rivers and underground 
water (boreholes). The majority of the households prac-
ticed crop diversification due to the campaign made by 
agricultural extension services from the local govern-
ment and NGOs. The increased planting of trees was 
mainly to provide natural shade for their livestock and 
crops on-farm during the extended dry periods. Soil 
and water conservation techniques were used to avoid 
the risk of flooding as well as improve soil moisture and 
organic matter retention. However, most of the farmers 
were not applying any of the aforementioned adaptation 
strategies because of certain constraints (Table  5). The 
respondents articulated the need to integrate tree plant-
ing, crop production and livestock production as a pack-
age of climate smart agriculture [11, 12]. It also calls for 
provision of adequate information to ensure that farmers 
receive up to date weather forecasts. This is important for 
decision making to either use early and late planting as 
an adaptation strategy by farmers.
The results in Table  4 show that although diverse cli-
mate change adaptation strategies exist in the area, the 
farmers were not practicing them to their full potential 
due to constraints. The major constraint was the low level 
of education. About 17% of the respondents reported a 
low level of education as the major constraint to adap-
tation to climate change (Table 5). This was followed by 
shortage of labor, lack of access to information through 
mass media, shortage of farm implements, and financial 
constraints, respectively. Lack of sufficient money hin-
dered farmers from getting the necessary agricultural 
inputs. Also the farmers did not have sufficient family 
labor and were not able to employ laborers. Shortage of 
farmland has been associated with the limited capac-
ity of farmer to intensify their agricultural production. 
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Fig. 3 Impact of climate change on smallholder farming activities in 
the study area
Table 4 Primary adaptation strategies to  climate change 
and the proportion of respondents that practiced them
Adaptation strategies Number 
of households
Percent 
of households
Change in planting date 20 10
Crop diversification 45 23
Intensive use of agricultural inputs 29 14
Crop and livestock integration 16 8
Supplementary irrigation 5 3
Soil and water conservation 23 11
Tree planting 32 16
No adaptation strategy used 30 15
Total 200 100
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Although irrigation has been practiced in the area for 
vegetable production, its extent is still limited and also 
does not apply to field crops. This is associated with the 
inability of farmers to use both surface and ground water 
due to limited technological and financial capacity. In 
this regard, farmers who used underground water for 
irrigation for vegetable production mentioned that they 
dug shallow wells of about 5–10 m deep. But they men-
tioned that underground water tables were receding pro-
gressively and they needed to dig deeper beyond 15  m, 
which needed specialized equipment and technology 
beyond their reach.
Determinants of farmers’ choices of adaptation strategies 
to climate change
A MNL model was employed to estimate the deter-
minants of farmers’ choices of adaptation practices to 
reduce the impact of climate change. In this analysis, “no 
adaptation option” was used as base category and the 
estimated coefficients compared with the base category. 
The likelihood ratio statistics indicated by the Chi-square 
test were found to be significant as indicated in Table 6. 
Then the model was tested for the validity of the inde-
pendence of irrelevant alternatives using assumptions 
by Hausman specification test procedure. The use of the 
MNL model specification was found to be appropriate, 
and model has been used previously by different studies 
to estimate the determinants of climate change adapta-
tion options by smallholder farmers [14, 15, 36, 41, 42]. 
The problem of multicolinearity among the explanatory 
variables was tested using variance inflection factor and 
Contingency Coefficient for continuous and dummy 
explanatory variables, respectively. In both cases, no 
problem of multicolinearity was detected. Hence, the 
parameter estimates of the MNL model were used to 
provide the direction of the effect of the independent var-
iables on the dependent (response) variable, whereas esti-
mates represent neither the actual magnitude of change 
nor the probabilities (Table  6). The marginal effects of 
marginal probabilities are a function of probabilities and 
measures expected to change within the probabilities. 
Particularly, adaptation choices are made by changing the 
independent variable from the mean [35]. In the follow-
ing section, only the variables that were statistically sig-
nificant at less than or equal to 10% probability levels are 
interpreted and discussed. Table 7 presents the marginal 
effects along with levels of statistical significance.
The results in Table 6 show that being a male-headed 
household increased the likelihood of tree planting, 
integrating crops with livestock, and soil and water con-
servation as adaptation strategies at 5 and 1% signifi-
cance levels compared to the base category. Specifically, 
the results show that being a male-headed household 
increased the probability of tree planting by 31%, crop 
livestock integration by 8%, and soil and water conser-
vation by 12% as climate change adaptation strategies 
(Table  7). As hypothesized, male-headed households 
had better opportunities to practice adaptation meas-
ures than the female-headed households. This finding is 
similar to a study by Deressa et al. [43] done in another 
part of Ethiopia that analyzed farmer’s choices of climate 
change adaptation methods, which showed that male-
headed households could be more likely to have access 
to technologies and climate change information than 
female-headed households. As a result, they were in a 
better position to practice diverse adaptation strategies 
than the female-headed ones [44].
The age of the household head had positively impacted 
the decision to practice some of the adaptation strate-
gies and negatively in the case of others (Table  6). In 
this regard, age is positively related with the decision to 
intensify agricultural inputs. This means that as the age 
of the household head increases by a year, the probabil-
ity of the households practicing agricultural intensifica-
tion increases by 9%. However, the household head is 
not highly related with the probability of the household 
adapting to climate change by tree planting. This means 
that as the age of the household head increases by one 
year, the probability of the household planting trees will 
increase by 2.2% (Table  7). According to the findings, a 
unit increase in age of the household head resulted in a 
9% increase in the probability of practicing soil and water 
conservation, whereas it resulted in a 12% increase in the 
practice of changing crop varieties as a climate change 
adaptation strategy.
The result in Table 6 shows that education has a posi-
tive effect on farmers’ adaptation strategies and hence, 
Table 5 Farmers’ primary constraints to  adapting to  the 
changing climate
List of constraints Total number 
of respondents
Respondents 
in %
Lack of climate forecasting informa-
tion
18 9
Poor potential for irrigation 22 11
Lack of contact with extension 
personnel
10 5
Shortage of farm land 14 7
Shortage of labor for implement 
adaptation
28 14
Exposure or access to mass media 26 13
Shortage of necessary farm inputs 26 13
Low level of education 34 17
Shortage of money 22 11
Total 200 100
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it significantly increases adaptation options with a 1% 
probability level. The marginal effect in Table  7 shows 
that a unit increase in number of years of education could 
increase by 2% of the likelihood of adopting crop diver-
sification, 1.4% change in planting date, 3.1% tree plant-
ing and 2% integrating crop with livestock production as 
adaptation measures. This is because educated farmers 
are expected to adopt new technologies based on their 
awareness of the potential benefits from the proposed cli-
mate change adaptation measures [15].
Family size has a significant and positive effect on 
climate change adaptation, increasing the probability 
(p  <  0.01) of planting food and fodder trees, integrat-
ing crop with livestock, and soil and water conservation 
measures (Table 6). The marginal effect result in Table 7 
shows that a unit increase in productive family members 
increases the likelihood of adopting the aforementioned 
adaptation strategies by 1.3, 2.35 and 4%, respectively. 
According to Kurukulasuriya and Mendelsohn [29] and 
Gbetibouo [45], the probable reason is that larger family 
size and a larger number of productive household mem-
bers increase agricultural production because it is asso-
ciated with labor-intensive agricultural practices. Thus, 
household size has a significant association with some of 
the adaptation categories.
The result in Table  6 show that farming experience 
has a positive effect on some climate change adaptation 
strategies. It helped to stimulate response to the negative 
effects of climate change on agriculture. This is because 
more experienced farmers are assumed to have better 
knowledge about weather information and its implica-
tion on agricultural practices.
Farm size has a positive and significant association with 
most of the adaptation strategies. That is, as the size of 
farmland increases, the probability of planting different 
fodder trees and integrating crop with livestock produc-
tion increases. Farm size has therefore positively and 
significantly increased the likelihood of adaptation to 
climate change [37]. Furthermore, large farm sizes pro-
vide an opportunity for diversification of their crop and 
Table 6 Parameter estimates of multinomial logit model for climate change adaptation decision
***, **, * Significant at 1, 5, and 10% probability level, respectively
Explanatory  
variable
Crop  
diversification
Changing input  
use intensity
Change planting 
date
Tree  
planting
Integrating crop 
with livestock
Soil and water 
conservation
Sex 1.030
(0.205)
1.067
(0.224)
−0.032
(0.212)
−1.823*
(0.031)
4.033
(0.983)
4.298
(0.981)
Age −0.042
(0.047)
0.053* 
(0.024)
0.1764
(0.830)
−1.056*
(0.032)
−0.041
(0.173)
−0.041
(0.105)
Education 0.054
(0.503)
1.223**
(0.003)
1.046*
(0.065)
0.018*
(0.092)
−0.010
(0.922)
0.010*
(0.092)
HH size 0.0487
(0.458)
0.089
(0.194)
0.017
(0.830)
0.080
(0.292)
0.149*
(0.053)
0.149*
(0.053)
Farming experience 0.305
(0.025)
−0.015
(0.058)
0.441
(0.025)
−0.024
(0.94)
0.024
(0.943)
−0.037
(0.230)
Farm size 0.290
(0.005)
0.221
(0.508)
0.368
(0.245)
0.284
(0.401)
0.284**
(0.040)
0.356
(0.261)
Income 0.215
(0.014)
0.308
(0.016)
0.019
(0.629)
0.052**
(0.0286)
0.052*
(0.065)
0.011
(0.706)
Access to market −0.071
(0.879)
0.107*
(0.070)
−1.111
(0.161)
−0.042
(0.933)
−1.096
(0.221)
0.406
(0.250)
Access to climate 
information
2.370***
(0.000)
3.233**
(0.001)
2.048*
(0.018)
3.949*
(0.024)
3.949*
(0.024)
2.822**
(0.006)
Access to extension 3.087***
(0.000)
1.999
(0.022)
2.336
(0.051)
2.508
(0.025)
6.725
(0.991)
2.483
(0.071)
Livestock ownership 0.107
(0.070)
0.111
(0.057)
0.112**
(0.055)
0.110*
(0.061)
0.086*
(0.021)
0.117**
(0.045)
Constant −2.455
(0.043)
−1.717*
(0.078)
−1.884
(0.118)
−2.047
(0.997)
2.504* 
(0.042)
−16.252
(0.991)
Base category No adaptation option
Number of  
observation
200
Prob > χ2 0.000
Log likelihood −198.524
Pseudo R square 0.590
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livestock enterprises, and it can help to distribute risks 
associated with unpredictable weather.
The results in Table 6 show that income of households 
has a positive and significant effect on changing farm 
input use intensity, integrating crops with livestock, and 
water conservation practices at a 10% level of signifi-
cance. The marginal effect result in Table 7 shows that a 
unit increase in household income can increase the likeli-
hood of use of necessary farm inputs and soil and water 
conservation practices by 0.8%. This finding is consistent 
with a study by Negash [42] which found that income 
has a positive relation with soil conservation measures, 
changes in planting date and use of crop diversification.
Access to input and output markets has a positive 
and significant effect on farmer input intensity and crop 
diversification at 10% significance level (Table  6). Easy 
access to input and output market increases the likeli-
hood of changing input use intensity and crop diversifica-
tion by 2.6% (Table 7). Market access could help farmers 
to buy fertilizer, pesticides, and improved crop varieties.
Access to climate information is an important variable 
that affects adaptation options. The results in Table  6 
show that as expected, access to climate information had 
impacted adaptation to climate change. That is, a farmer 
who had better access to weather information (i.e., sea-
sonal or mid-term forecasting) made better informed 
adaptation decision. Smallholder farmers who had access 
to weather information had a higher probability of imple-
menting climate change adaptation strategies such as late 
and early planting, use of early maturing crops, planting 
food and fodder trees, and soil and water conservation 
measures at 1% level of significance. Being well informed 
about rainfall and temperature variability increased the 
likelihood of shifting planting date adjustments by 39% 
(Table 7). These findings are similar to the findings from 
various studies [15, 37, 39, 42, 46].
The result in Table  6 indicates that access to exten-
sion is positively and significantly related with adapta-
tion options. As expected by the researchers, access to 
extension services increases the probability of adopting 
different adaptation practices. Having access to exten-
sion packages increased the likelihood of implementing 
soil and water conservation by 35.4%, tree planting by 
5%, crop diversification by 18.55% and changing plant-
ing date by 19.3% (Table 7). In this regard, the result from 
the descriptive statistics shows that about 94% of the 
households had the opportunity to use crop and livestock 
extension packages. According to Nhemachena [47], 
better access to crop and livestock extension services 
has a strong and positive impact on climate adaptation 
strategies.
Livestock and crop production are the main economic 
activities in the area. The result in Table 6 indicated that 
livestock production has a positive association with the 
Table 7 Marginal effect due to independent variables
***, **, * Significant at 1, 5, and 10% probability level, respectively
Explanatory vari-
able
Crop diversification Changing input use 
intensity
Change planting 
date
Tree planting Integrating crop 
with livestock
Soil and water 
conservation
Sex 0.127
(0.173)
0.091
(0.227)
−0.049
(0.540)
0.311**
(0.002)
0.078***
(0.000)
0.118***
(0.000)
Age −0.028
(0.968)
−0.0026
(0.802)
0.0010*
(0.069)
0.022
(0.785)
−0.0008
(0.995)
−0.0001
(0.175)
Education 0.02*
(0.096)
0.014
(0.761)
0.031*
(0.084)
0.020*
(0.068)
0.001*
(0.098)
0.001
(0.988)
Family size 0.027
(0.935)
0.007
(0.868)
0.004
(0.797)
0.013*
(0.089)
0.023*
(0.018)
0.04*
(0.098)
Farming experience 0.062
(0.045)
0.132
(0.431)
−1.800**
(0.021)
0.037*
(0.044)
1.44e−06
(0.32)
−0.001
(0.473)
Farm size 0.200*
(0.028)
0.017
(0.535)
0.013*
(0.059)
0.024
(0.324)
.0015*
(0.036)
.0129*
(0.081)
Income 0.002
(0.492)
0.008**
(0.002)
0.008
(0.891)
0.008
(0.636)
0.004*
(0.057)
2.08e−06*
(0.0172)
Access to market 0.026*
(0.040)
0.027*
(0.024)
−0.096
(0.860)
−0.022
(0.958)
0.028
(0.991)
0.106
(0.250)
Access to climate 
information
0.070*
(0.052)
0.156
(0.021)
0.390**
(0.0059)
0.327***
(0.0016)
0.649***
(0.000)
0.425***
(0.000)
Access to extension 0.185*
(0.094)
0.240*
(0.086)
0.193*
(0.082)
0.055*
(0.061)
0.074***
(0.000)
0.354*
(0.056)
Livestock ownership 0.100
(0.926)
0.018
(0.753)
0.095**
(0.006)
0.125
(0.812)
0.051**
(0.0091)
0.008**
(0.005)
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adoption of climate change adaptation strategies such 
as adjustment of planting season, integrating crops with 
livestock rearing and soil and water conservation prac-
tices at 5% level of significance. A number of studies have 
shown that livestock ownership has a positive associa-
tion with the adaptation measures aforementioned [42, 
48, 49]. However, the number of livestock is found to be 
negatively related with crop diversification, planting date 
adjustment and other agronomic activities [29].
Conclusions
The results show that the majority of the farmers have 
perceived changes in rainfall and experienced the effects 
of a changing climate over a period of two decades. That 
is, extended dry periods and declining precipitation are 
more frequent across the agro-ecologies in the district. 
As a result, both livestock and crop production by small-
holder farmers have already been adversely affected. The 
farmers are trying to adapt through the use of improved 
agricultural practices like increasing on-farm tree plant-
ing, soil and water conservation, adjustment of planting 
dates, crop diversification, improved crop varieties, and 
use of agricultural inputs like fertilizers and pesticides. 
Farmers’ capacity to choose effective adaptation options 
is influenced by household demography, as well as posi-
tively by farm size, income, access to markets, access to 
climate information and extension, and livestock pro-
duction. This implies the need to support the indig-
enous adaptation strategies of the smallholder farmers 
with a wide range of institutional, policy, and technol-
ogy support, some of it targeted on smaller, poorer or 
female-headed households. In this case the role of gov-
ernment and NGOs is imperative. As the rainy seasons 
are recently becoming more and more unpredictable 
and uncertain, depending on rainfed agriculture in the 
area is less unlikely and hence policy driven actions to 
provide irrigation facilities based on both ground and 
surface water are vital. Moreover, creating opportunities 
for non-farm income sources is important as this helps 
them to engage in those activities that are less sensitive to 
climate change. Furthermore, providing climate change 
information, extension services, and creating access to 
markets are crucial. Therefore, including these activities 
in the existing formal extension channels of the Ministry 
of Agriculture and other line ministries will be useful to 
farmers.
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